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
$EVWUDFW
$ VXVWDLQDEOH DQG HIILFLHQW IUHLJKW WUDQVSRUW LQ (XURSH SOD\V D YLWDO UROH LQ KDYLQJ D VXFFHVVIXO DQG FRPSHWLWLYH
HFRQRP\+RZHYHULQWKHODVW\HDUVUDLOKDVEHHQGLVSODFHGIURPDGRPLQDQWSRVLWLRQDVURDGWUDQVSRUWVHUYLFHVKDYH
JURZQDQGGHYHORSHGLQFDSDELOLW\DQGOHYHOVRIVRSKLVWLFDWLRQWKDWKDYHQRWEHHQPDWFKHGE\UDLOVHUYLFHSURYLGHUV
7RDOORZUDLO LQGXVWU\ UHMRLQLQJDSULPDU\ UROHPHDQLQJIXOFKDQJHVDUHQHHGHGDQGDQHZSHUVSHFWLYHQHHGV WREH
HQYLVLRQHG &KDQJHV DUH QHFHVVDU\ EHFDXVH RI WKH FRQWLQXHG DQG SURMHFWHG JURZWK DQG SURGXFWLYLW\ RI (XURSH
FKDQJHVDUHRSSRUWXQLVWLFEHFDXVHRIDGYDQFHV LQFRPSXWDWLRQDOPHWKRGRORJLHVGHVLJQPHWKRGVKLJKSHUIRUPDQFH
PDWHULDOVDOOR\VFRPSRVLWHVHWFVHQVRUVDQGVHQVLQJWHFKQRORJLHV
:LWKLQWKLVVFHQDULRWKHFRIXQGHG(8SURMHFW68675$,/-XQH±0D\DLPVWRFRQWULEXWHWRDQHZHUD
LQ WKH UDLO IUHLJKW VHFWRU E\ DGRSWLQJ D KROLVWLF DSSURDFK DQG LPSOHPHQWLQJ D FOHDU PHWKRGRORJ\ WR GHYHORS
LQQRYDWLRQV LQERWK IUHLJKWYHKLFOHVDQG WUDFN LQIUDVWUXFWXUHFRPSRQHQWV7KLVGHOLEHUDWHDSSURDFKZLOO DFFRXQW IRU
LQQRYDWLRQV LQERWKYHKLFOHVDQGLQIUDVWUXFWXUH +LJKHUYHKLFOHVSHHGDQG LQFUHDVLQJD[OH ORDGZLOOEHDFKLHYHGE\
PHDQVRIQHZYHKLFOHV\VWHPGHVLJQDQGQRYHO OLJKWZHLJKWPDWHULDOVZKLOHKLJKHULQIUDVWUXFWXUHHIILFLHQF\ZLOOEH
DFKLHYHGE\PHDQVRIRSWLPL]HGWUDFNJHRPHWU\JURXQGVWDELOL]DWLRQDQGQRYHOPRQLWRULQJWHFKQLTXHV7KLVZLOOOHDG
WR DQ LQFUHDVHGSHUIRUPDQFHRI WKHZKROH IUHLJKW UDLO V\VWHP YHKLFOHSOXV WUDFN DWKLJKHU UHOLDELOLW\ DQG UHGXFHG
PDLQWHQDQFHDQGFRVWV

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,QWURGXFWLRQ
5DLO WUDQVSRUW LVXQLTXH LQ LWVFRPSOH[LW\  ,W LV WKHRQO\ WUDQVSRUWDWLRQVHFWRU WKDWPXVWFRQVLGHU WKH
YHKLFOH WKH WUDQVSRUWDWLRQPHGLXP HJ WKH WUDFN DQG WKHQHWZRUN IORZV UHJXODWLRQV SURFHGXUHV LQ
SDUDOOHO 5DLO WUDQVSRUW LV DOVR XQLTXH LQ WKH GLYHUVLW\ RI RSHUDWLQJ SURFHGXUHV FRGHV UHJXODWLRQV
JXLGHOLQHVDQGEXVLQHVVPRGHOVDFURVV(8PHPEHUVWDWHV
,Q WKH ODVW \HDUV UDLO KDV EHHQ GLVSODFHG IURP D GRPLQDQW SRVLWLRQ DV URDG WUDQVSRUW VHUYLFHV KDYH
JURZQDQGGHYHORSHGLQFDSDELOLW\DQGOHYHOVRIVRSKLVWLFDWLRQWKDWKDYHQRWEHHQPDWFKHGE\UDLOVHUYLFH
SURYLGHUV7KXVWRDOORZIUHLJKWUHMRLQLQJDSULPDU\UROHLQIUHLJKWWUDQVSRUWPHDQLQJIXOFKDQJHLVQHHGHG
ORRNLQJIRUDFRPSOHWHO\QHZSHUVSHFWLYH7KHFKDQJHLVQHFHVVDU\EHFDXVH
x 7RWDO IUHLJKW WUDQVSRUW YROXPHV DUH H[SHFWHG WR JURZ E\ DERXW  E\  ZLWK URDG DQG UDLO
JURZLQJDWFRPSDUDEOHUDWHV+RZHYHUWKHGHYHORSPHQWVLQUDLOIUHLJKWZLOOEHVXVWDLQHGE\DVORZHU
LQFUHDVHLQIXHOFRVWVDQGWKHSRVLWLYHLPSDFWVRIWKHRSHQLQJRIWKHUDLOPDUNHWV:KLWH3DSHU
x .LORPHWUHVGULYHQRQ(XURSH¶VKLJKZD\QHWZRUNVDUHH[SHFWHGWRGRXEOHDJDLQE\(QHYROGVHQ

x (XURSHHQYLVLRQVDPRGDOVKLIWRISDVVHQJHUVDQGIUHLJKWVIURPURDGWRRWKHUWUDQVSRUWPRGHUDLODQG
ZDWHUERUQHE\DVKLIWRIPHGLXPGLVWDQFHLQWHUFLW\SDVVHQJHUDQGIUHLJKWMRXUQH\VIURP
URDGWRUDLODQGZDWHUERUQHWUDQVSRUW:KLWH3DSHU
x &RQJHVWLRQHVSHFLDOO\LQXUEDQDUHDLVEHFRPLQJXQVXVWDLQDEOH&RQJHVWLRQJURZWKQHHGVWREHOLPLWHG
0RYLQJIUHLJKWE\URDGLVRQHRIWKHPDLQFDXVHV&RQJHVWLRQFRVWVDUHSURMHFWHGWRLQFUHDVHE\DERXW
WRQHDUO\ELOOLRQ¼DQQXDOO\:KLWH3DSHU
7KLV FKDQJH LV RSSRUWXQLVWLF QHZ WHFKQRORJLHV DQG DGYDQFHPHQWV LQ FRPSXWDWLRQDO PHWKRGRORJLHV
GHVLJQ PHWKRGV KLJKSHUIRUPDQFH PDWHULDOV DOOR\V FRPSRVLWHV K\EULGV VHQVRUV DQG VHQVLQJ
WHFKQRORJLHVDUHQRZDYDLODEOH 3HUIRUPDQFHEDVHGGHVLJQ WKHXVHRI OLJKWZHLJKWPDWHULDOV WKHXVHRI
VWUXFWXUDOKHDOWKPRQLWRULQJWHFKQRORJLHVDUHDOOSDUWRIQHZWRROVWKDWQHHGWREHDGRSWHGLQIUHLJKWUDLO

$GYDQFHGYHKLFOHG\QDPLFVFRQFHSWVIRUQHZZKHHOSURILOHV
,PSURYHPHQWVLQVXVSHQVLRQGHVLJQUHVSRQGLQJWRWKHQHHGVRID
PL[HGWUDIILFUDLOZD\
7UDFWLRQDQGEUDNLQJV\VWHPVGHYHORSPHQWVIRUKLJKVSHHG
IUHLJKWRSHUDWLRQ
1RYHOGHVLJQVDQGPDWHULDOVIRUOLJKWZHLJKWKLJKSHUIRUPDQFH
IUHLJKWZDJRQERG\YHKLFOHVDQGERJLHVWUXFWXUHV
$WDUJHWHGPD[LPXPVSHHGRINPKDQGDQLQFUHDVHGD[OHORDG
HTXDOWRWRQV
$GYDQFHGFRQGLWLRQEDVHGSUHGLFWLYHPDLQWHQDQFHWRROVIRUFULWLFDO
FRPSRQHQWVRIERWKUDLOZD\YHKLFOHVDQGWKHWUDFN
3HUIRUPDQFHEDVHGGHVLJQSULQFLSOHVWRPRYHWRZDUGVWKH]HUR
PDLQWHQDQFHLGHDOIRUWKHYHKLFOHWUDFNV\VWHP
1RYHOJURXQGVWDELOLVDWLRQ PRQLWRULQJWHFKQLTXHVWRUHGXFH
WUDFNJHRPHWU\GHJUDGDWLRQ
2SWLPLVDWLRQ RIWKHWUDFNV\VWHPDQGJHRPHWU\LQFOXGLQJ
VZLWFKHVDQGFURVVLQJ 
)LJ68675$,/NH\LQQRYDWLRQV
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:LWKLQ WKLV FRQWH[W WKH FRIXQGHG (8 SURMHFW 68675$,/ ZZZVXVWUDLOHX KDV EHHQ UHFHQWO\
ODXQFKHG -XQH  E\ D PXOWLGLVFLSOLQDU\ FRQVRUWLXP RI  (XURSHDQ SDUWQHUV ZLWK D EDODQFHG
FRPELQDWLRQ RI LQIUDVWUXFWXUH PDQDJHUV IUHLJKW RSHUDWRUV DQG ,QGXVWU\ LQFOXGLQJ ODUJH DQG VPDOO
HQWHUSULVHV ZLWK VXSSRUW RI DFDGHPLD 68675$,/ ZLOO DLP DW LQFUHDVLQJ WKH 6XVWDLQDELOLW\
&RPSHWLWLYHQHVVDQG$YDLODELOLW\RI(XURSHDQUDLOZD\QHWZRUNV7KHSURMHFWNH\LQQRYDWLRQVVHH)LJXUH
DERYHZLOOEHGHYHORSHGDFURVVWKHVHWKUHHSDUDPHWHUV
+RZWKHVHHOHPHQWV ILW WRJHWKHUZLWKLQ68675$,/LVGHSLFWHG LQ)LJXUHEHORZZKHUH WKHSURMHFW
LQWHJUDWHG DSSURDFK LV RXWOLQHG 7KH SXUSRVH RI WKLV DSSURDFK LV WKDW LQQRYDWLRQV LQ UROOLQJ VWRFN DQG
IUHLJKW YHKLFOHVDUHFRPELQHGZLWK LQQRYDWLRQV LQ WKH WUDFNFRPSRQHQWV 6LPSO\ VD\LQJ LPSURYLQJ WKH
YHKLFOH SHUIRUPDQFH IRU H[DPSOH WKH ERJLHV FRPSRQHQWV ZLOO OHDG WR KDYH D IUHLJKW YHKLFOHV OHVV
LPSDFWLQJ DQG GHWHULRUDWLQJ WKH WUDFN 9LFH YHUVD RSWLPL]HG WUDFN JHRPHWU\ ZLOO LPSURYH WKH WUDFN 
YHKLFOHLQWHUDFWLRQWKXVLQGXFLQJIHZHUGLVWXUEDQFHVWRWKHYHKLFOHPRWLRQ7KHUHIRUHDKROLVWLFDSSURDFK
WRYHKLFOHDQGWUDFNVXVWDLQDELOLW\KDVWREHWDNHQVLQFHLPSURYHPHQWVLQWUDFNGHVLJQDQGPDWHULDOVDORQH
DUHQRWHQRXJKDVGHPDQGVRQWKHUDLOV\VWHPDUHLQFUHDVLQJ

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7KLVZLOOOHDGWRWKHIROORZLQJEHQHILWV
x &RQGLWLRQ PRQLWRULQJ RI WKH WRWDO SHUIRUPDQFH RI ERWK YHKLFOHV DQG LQIUDVWUXFWXUH WR VXSSRUW WKH
PDLQWHQDQFHDFWLYLWLHVPDGHZLWKLQWKHWRWDOV\VWHP
x ,QFUHDVHGV\VWHPUHOLDELOLW\WKURXJKWKHGHILQLWLRQRISHUIRUPDQFHEDVHGGHVLJQSULQFLSOHVIRUUHVLOLHQW
WUDFNVZLWKKLJKHUUHOLDELOLW\DQGWDUJHWHGVDIHW\OHYHOV
x (FRQRPLF VDYLQJV REWDLQHG E\ H[WHQGLQJ WKH OLIH GXUDELOLW\ VDIHW\ DQG UHOLDELOLW\ RI UDLOZD\
LQIUDVWUXFWXUHV
x &RQWULEXWLRQWRWKH(XURSHDQ&RPPLVVLRQ
VJRDORIPRYLQJIUHLJKWIURPWKHURDGVRQWRUDLOVZKLFKLV
DQLPSRUWDQWVWHSLQGHYHORSLQJDPRUHVXVWDLQDEOHWUDQVSRUWDWLRQV\VWHP
5HGXFWLRQRIHQHUJ\XVHUHVXOWLQJLQDUHGXFWLRQRIJUHHQKRXVHJDVHPLVVLRQV

)UHLJKW9HKLFOH6XEFRPSRQHQWVDQG%RG\VKHOO
%RJLHVDQGZKHHOVHWV
(QJLQHHUVKDYHZRUNHGKDUGRYHUPDQ\\HDUV WRSURGXFHHIIHFWLYHUXQQLQJJHDU IRU IUHLJKWYHKLFOHV
WU\LQJ WR VROYH WKHFKDOOHQJHRIFRQWUROOLQJ WKHYHKLFOHEHKDYLRU7UDGLWLRQDO IUHLJKW YHKLFOH VXVSHQVLRQ
VXFKDVWKH<VHH)LJXUHFRPPRQLQ(XURSHRUWKHWKUHHSLHFHERJLHXELTXLWRXVLQDOOKHDY\KDXO
RSHUDWLRQV ZRUOGZLGH DUH PDQXIDFWXUHG XQGHU VHYHUH FRVW FRQVWUDLQWV 7KLV KDV PHDQW WKDW UHODWLYHO\
H[SHQVLYHVXVSHQVLRQFRPSRQHQWVVXFKDVYLVFRXVGDPSHUVKDYHQRWEHHQZLGHO\XVHGLQIUHLJKWYHKLFOH
VXVSHQVLRQVZLWKDIHZH[FHSWLRQV 7KLVRIWHQUHVXOWHGLQWKHZLGHVSUHDGXVHRIIULFWLRQGDPSLQJRIWHQ
FRPELQHGZLWKDPHFKDQLVPWRYDU\WKHGDPSLQJSURYLGHGDFFRUGLQJWRWKHD[OHORDGDQGWKHUHIRUHWKH
ORDGLQJFRQGLWLRQ
7KHDFWXDOULJLGD[OHERJLHVOLNH<FDXVHVVHYHUHZHDURQZKHHOVDQGUDLOVLQFXUYHVDQGDOVRQHHGV
KLJKWUDFWLRQIRUFHVLQFXUYHV%RJLHVZLWKUXEEHUVVSULQJVOLNH'556/(,/$DQG*LJDER[ZKLFKDUHLQ
PDUNHWLQWURGXFWLRQQRZDUHDQHZIHDWXUHZLWKJRRGEHKDYLRULQFXUYHVDQGRQVWUDLJKWWUDFNVDQGZLWK
LPSURYHPHQWV UHJDUGLQJ ODWHUDO WUDFN IRUFHV ZHDU DQG WUDFWLRQ UHVLVWDQFH  +RZHYHU WKH VHYHUH FRVW
FRQVWUDLQWV LQ ERJLH PDQXIDFWXULQJ LQ SDUWLFXODU IRU IUHLJKW WUDIILF VHHPV D VHYHUH REVWDFOH IRU WKH
LQWURGXFWLRQRIVXFKDGYDQFHGWHFKQRORJLHV


)LJ6XVSHQVLRQV\VWHPW\SH<
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0RUHRYHU FORVH WR WKH ERJLH UHTXLUHPHQWV D IXUWKHU RSSUHVVLQJ LVVXH LV UHSUHVHQWHG E\ WKH QHHG WR
DOLJQZKHHOVHWVWRDPRUHUDGLDOSRVLWLRQLQDFXUYHWRUHGXFHUROOLQJUHVLVWDQFHLQORQJIUHLJKWWUDLQVDQG
DOVR WR UHGXFHZKHHO DQG UDLO GDPDJH KDV UHVXOWHG LQ YDULRXV VWHHULQJ V\VWHPV0HFKDQLFDO OLQNDJHVRU
HYHQ K\GUDXOLF V\VWHPV KDYH EHHQ XVHG EXW WKH PRVW VXFFHVVIXO LV SUREDEO\ WKH µ6FKHIIHO¶ V\VWHP RI
VWHHULQJZKLFK XVHV FURVV EUDFLQJ WR HQVXUH UDGLDOZKHHO VHW DOLJQPHQW VHH )LJXUH   7KHVH V\VWHPV
KDYHQRWEHHQWDNHQXSVLJQLILFDQWO\LQ:HVWHUQ(XURSHZKHUHKLJKXQVSUXQJPDVVKDVQRWEHHQSHUPLWWHG
ZLWKLQDPL[HGUDLOZD\DOWKRXJKWKH\DUHZLGHO\XVHGLQ(DVWHUQ(XURSHDQGWKHµWKUHHSLHFHWUXFN¶LVWKH
PRVWFRPPRQUDLOZD\ERJLHLQWKHZRUOG


)LJ³6FKHIIHO´VWHHULQJIURPWKH+HUEHUW6FKHIIHOG¶VSDWHQWRI

3URSRVHGVROXWLRQVIRUWKHYHKLFOHVXEFRPSRQHQWV
,QFUHPHQWDOLQQRYDWLRQVRQWKHFULWLFDOHOHPHQWVFRXSOHGZLWKLQQRYDWLRQVLQWKHWUDFNV\VWHPVVHHPD
PRUHFRVWHIIHFWLYHDQGYLDEOHVROXWLRQLQDFFRUGDQFHWRWKH68675$,/DSSURDFK :LWKLQ68675$,/
LQQRYDWLRQVLQDOOWKHSULQFLSOHFRPSRQHQWVRIWKHYHKLFOHZLOOKDYHDKLJKHUGLUHFWRULQGLUHFWLPSDFWRQ
WKHWUDFNDQGRQYHKLFOHSHUIRUPDQFHZLOOEHDFFRXQWHG
1DPHO\LQQRYDWLRQVLQ
x ZKHHOVHW
x VXVSHQVLRQV
x ERJLHV
x IUHLJKWV\VWHPV
ZLOOEH LQYHVWLJDWHGDFFRXQWLQJ IRUDVSHFWV VXFKDV WKHXVHRIQRYHOPDWHULDOV DOORZLQJ IRUD OLJKWHU
GHVLJQ FKDUDFWHUL]HG E\ UHGXFHG HQHUJ\ FRQVXPSWLRQ ORZHU &2 HPLVVLRQV DQG ORZHU PDLQWHQDQFH
FRVWV
&RQFHUQLQJWKHERJLHWKHSURSRVHGDSSURDFKLVWRZDUGVWKHDGRSWLRQRIQRYHOPDWHULDOVFKDUDFWHUL]HG
E\ PRUH IDYRUDEOH VSHFLILF SURSHUWLHV ZLWK UHVSHFW WR ZHLJKW ERWK LQ WKH PDLQ VWUXFWXUH DQG LQ WKH
VXEFRPSRQHQWVVXFKLQVXVSHQVLRQVWRZDUGVWKHXVHRIK\GUDXOLFGDPSHUVXVHRIHODVWRPHULFPDWHULDOV
DQGUHGXFWLRQRIFRPSRQHQWVIRUDQLQFUHDVHGUHOLDELOLW\)ULFWLRQGDPSLQJZKLFKKDVEHHQXVHGIRURQH
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DQGDKDOIFHQWXULHVLQUDLOIUHLJKWYHKLFOHVDQGK\GUDXOLFGDPSLQJLVDSURPLVLQJLPSURYHPHQWLQERJLHV
ZLWKPDQ\DGYDQWDJHVUHJDUGLQJOLIHF\FOHFRVWV3DVVHQJHUYHKLFOHVPDNHIXOOXVHRIWKLVWHFKQRORJ\DQG
68675$,/DLPVWRWUDQVIHUDSSURSULDWHDVSHFWVWRDQRYHOIUHLJKWZDJRQ$PRQJQRYHOPDWHULDOVDQGWKH
UHODWHGPDQXIDFWXULQJSURFHVVHVWKHXVHRIQHZPRGHUQVWHHOVZLOOEHLQYHVWLJDWHG7KHVHZLOOKDYHWKH
SRWHQWLDOIRUOLJKWHUVWURQJHUDQGPRUHUHVLOLHQWIUHLJKWYHKLFOHV$PDQXIDFWXULQJSURFHVVRILQWHUHVWIRU
WKH SURGXFWLRQ RI WKH FRPSRQHQWV RI WKH ERG\ DQG ERJLH RI UDLO YHKLFOHV LQFOXGH LQ SDUWLFXODU
K\GURIRUPLQJ ZKLFK FRQVLVWV LQ RQH VWHS RI D PDQXIDFWXULQJ SURFHVV ZKLFK LQFOXGH LQ RUGHU SUH
EHQGLQJ SUHIRUPLQJ K\GURIRUPLQJ K\GURSLHUFLQJ DQG 7ULP DQG:DVK VHH )LJXUH +\GURIRUPLQJ
FDQEHXVHG IRU WKHSURGXFWLRQRI WXEXODUFRPSRQHQWVRI WKH IUHLJKW YHKLFOHFKDUDFWHUL]HGE\HQKDQFHG
VWUXFWXUDO HIILFLHQF\ ZKLFK LQ WXUQV SHUPLWV PDVV VDYLQJV WR EH DFKLHYHG WKH HOLPLQDWLRQ RI MRLQLQJ
IODQJHVRIIHUVJUHDWHUSDFNDJLQJIUHHGRPDQGPDVVVDYLQJDQGSDUWVFRQVROLGDWLRQPD\\LHOGFRVWVDYLQJ
LQPDWHULDOVPDQXIDFWXULQJWRROLQJDQGDVVHPEO\


)LJ%HQGLQJOHIWSUHIRUPLQJPLGGOHDQGK\GURIRUPLQJULJKWRIVWHHOSURILOHV7$7$67((/

9HKLFOH%RG\VKHOO
,QWKHUDLOZD\LQGXVWU\VWHHODOXPLQLXPDQGK\EULGFRQVWUXFWLRQVUHSUHVHQWWKHVWDWHRIWKHDUWIRUFDU
ERG\VKHOOV)RUDSSOLFDWLRQVLQZKLFKZHLJKWLVDVLJQLILFDQWIDFWRUDOXPLQLXPLVFXUUHQWO\WKHPDWHULDO
RIFKRLFH )UHLJKWFDUV IRUKHDY\ ORDGVDUHJHQHUDOO\FRQVWUXFWHGXVLQJVWHHOZHOGHGHOHPHQWV /LJKWHU
PDWHULDOV IRU WKH FDU ERG\ VKRXOG EH FRQVLGHUHG ZKHQ DLPLQJ IRU LQFUHDVHG VSHHG DQG LQFUHDVHG
SHUIRUPDQFH RI WKH IUHLJKW YHKLFOHV  :KDW PD\ FRPH QH[W LV WKHUHIRUH WKH XVH RI KLJKVWUHQJWK
FRPSRVLWHVLQIUHLJKWFDUFRQVWUXFWLRQ0DQ\RIWKHSUREOHPVDVVRFLDWHGZLWKWKHVWUXFWXUDODSSOLFDWLRQRI
FRPSRVLWHVKDYHEHHQKLJKOLJKWHGE\UHFHQWSURWRW\SHVGHYHORSHGIRUFRPSRQHQWVVXFKDVUDLOFDEVFDU
ERGLHVDQGERJLHV,QPRVWLQVWDQFHVWKHWHFKQLFDOIHDVLELOLW\RISURGXFLQJWKHFRPSRVLWHSDUWKDVEHHQ
ZHOOGHPRQVWUDWHGHYHQLILVVXHVVXFKDVSRRUEHQGLQJVWLIIQHVVDUHVWLOOFKDOOHQJLQJ
5HFHQWH[DPSOHVRISURWRW\SHFRPSRVLWHUDLOFDUERGLHVLQFOXGHWKRVHGHYHORSHGE\6FKLQGOHU:DJRQ
6FKLQGOHUDQGWKH+<&2352'(XURSHDQSURMHFW3LWDUUHVLHWDO%RWKRIWKHVHZHUHRIDOO
FRPSRVLWHPRQRFRTXHVDQGZLFKFRQVWUXFWLRQVDQGERWKDUHIRUSDVVHQJHUWUDLQVQRWIUHLJKW7KH6FKLQGOHU
:DJRQ ERG\ZDV EDVHG RQ ODUJHVFDOH ILODPHQWZLQGLQJ WHFKQRORJ\+RZHYHU WKH G\QDPLF DQG FUDVK
SHUIRUPDQFH RI WKLV VWUXFWXUH ZDV IRXQG WR EH XQVDWLVIDFWRU\ 7KH +<&2352' ERG\ SLFWXUHG
VXFFHVVIXOO\PHW WKHVWUXFWXUDO UHTXLUHPHQWVRI WKHDSSOLFDWLRQEXW WKHGHYHORSPHQWZDVSUHGRPLQDQWO\
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IRFXVHG RQPDQXIDFWXULQJ WHFKQRORJLHV DQG RQO\ UHVXOWHG LQ D GHPRQVWUDWLRQ VHFWLRQ RI DURXQG P LQ
OHQJWK7KHZLGHURSHUDWLRQDO LQVHUYLFH LVVXHVDVVRFLDWHGZLWKHPSOR\LQJFRPSRVLWH LQ VWUXFWXUDO UDLO
DSSOLFDWLRQVZHUHQRWFRQVLGHUHGE\+<&2352'


)LJ7KH+<&2352'DOOFRPSRVLWHVDQGZLFKERG\VKHOO

%HQHILWVRIOLJKWZHLJKWPDWHULDOVIRUWKHYHKLFOHERG\
7KH XVH RI OLJKWZHLJKW PDWHULDO ZRXOG EULQJ LPSRUWDQW EHQHILWV WR WKH IUHLJKW YHKLFOHV  /LJKWHU
YHKLFOHV ZRXOG \LHOG FDSDFLW\ LQFUHDVHV HLWKHU E\ SURYLGLQJ LQFUHDVHG SD\ORDG HJ IXOOXWLOLVDWLRQ RI
YHKLFOHFDSDFLW\ZLWKRXWH[FHHGLQJD[OHORDGOLPLWVRUE\DOORZLQJORQJHUWUDLQVRUPRUHIUHTXHQWWUDLQV
WRUXQRQWKHH[LVWLQJLQIUDVWUXFWXUHZLWKRXWDFFHOHUDWLQJGDPDJHWRWUDFN$GGLWLRQDOO\OLJKWHUYHKLFOHV
ZRXOGUHGXFHUXQQLQJFRVWVLHHQHUJ\FRQVXPSWLRQRYHUWKHOLIHRIWKHYHKLFOH&RQFHUQLQJFRPSRVLWHV
WKHLU DGYDQWDJHV LQ WHUPVRI OLJKWZHLJKW KDYH VR IDU QRW EHHQ VXIILFLHQWO\ VWURQJGULYHUV IRU WKHLUPRUH
ZLGHVSUHDGDGRSWLRQIRUVWUXFWXUDOUDLODSSOLFDWLRQV
+RZHYHUWKHLQWHJUDWHGDSSURDFKDGRSWHGE\68675$,/ZKLFKHPEUDFHVWKHSULQFLSOHVRIOLIHF\FOH
FRVWLQJFRPSRVLWHVFRXOGEHFRPHYLDEOHRSWLRQ 0RUHRYHU WKHYLDELOLW\RIWKHFRPSRVLWHVROXWLRQZLOO
EHGHPRQVWUDWHRYHU WKHZKROH OLIH VSDQRI WKHYHKLFOHE\PHDQVRID UHOLDELOLW\EDVHG DSSURDFK WREH
XVHG IRU D SUHGLFWLYH DVVHVVPHQW RI WKH ORQJ WHUP EHKDYLRXU RI WKH YHKLFOH LWV VXEFRPSRQHQWV DQG LWV
ERG\VKHHO QHHG WR EH DFFRXQWHG IRU 7KLV DSSURDFK ZLOO DFFRXQW IRU PDWHULDO SURSHUWLHV GHWHULRUDWLRQ
SURFHVVHV ORDGVLQWHUPVRIPDJQLWXGHVHIIHFWVDQGFRPELQDWLRQVDQGWKHLUHYROXWLRQRYHUWKHZKROH
OLIHF\FOH RI WKH V\VWHP +RZ WKH UHOLDELOLW\ EDVHG DSSURDFK ZLOO EH LPSOHPHQWHG PRYLQJ IURP D
GHWHUPLQLVWLFDSSURDFKWRDIXOOSUREDELOLVWLFRQHLVGHVFULEHGPRUHLQGHWDLOLQVHFWLRQZLWKUHIHUHQFH
WRWKHUDLO WUDFNDQGLQIUDVWUXFWXUH7KHVDPHSUREDELOLVWLFPHWKRGVZLOOEHLQYHVWLJDWHG WRLGHQWLI\WKHLU
IHDVLELOLW\ZKHQDSSOLHGQRWRQO\WKHPHGLXPWKHWUDFNEXWDOVRWRWKHYHKLFOHUXQQLQJRQWKDWPHGLXP

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7UDFNDQG,QIUDVWUXFWXUH
&RQVLGHULQJPDLQWHQDQFHDQGUHQHZDOFRVWVRIDW\SLFDOUDLOZD\WUDFNDQGVXEVWUXFWXUHUHSUHVHQWV±
 RI WKH WRWDO FRVWV ,QQRYDWLRQV LQ WUDFN DQG VXEVWUXFWXUH DUH WKHUHIRUH IXQGDPHQWDO WR DFKLHYH D
VLJQLILFDQW LPSDFWRQ WKHRYHUDOO FRVW UHGXFWLRQ IRU WKH UDLOZD\V 7KH UHVHDUFKZLWKLQ68675$,/ZLOO
IRFXV RQ QHZ VROXWLRQV IRU VXEJUDGH LPSURYHPHQWV VXFK DV WKH XVH RI SLOLQJ XVLQJ LQFOLQHG FROXPQV
ZKLFKFDQEHGULYHQIURPWKHVLGHRIWKHWUDFNDQGFDQPLQLPLVHWKHLQWHUUXSWLRQWRWUDIILF,QQRWUDFNDV
GHSLFWHGLQ)LJXUHXVHRIUDLOVWHHOJUDGHVXVHRIJHRWH[WLOHVVHH)LJXUHLQQRYDWLYHWUDFNIRUPVDQG
VROXWLRQVIRUUHGXFLQJWKHPDLQWHQDQFHDQGUHQHZDOFRVWVRIWUDFNVXFKDVWKHLPSOHPHQWDWLRQRIPXOWL
IXQFWLRQDOWH[WLOHVZKLFKFDQERWKVWUHQJWKDQGPRQLWRUWKHLQIUDVWUXFWXUHVDQGWKHHPEDQNPHQW


)LJ7KH,QVWDOODWLRQRIOLPHFHPHQWFROXPQVOHIWDQGVRLOQDLOLQJULJKWIRUVXEVWUDWHVWDELOL]DWLRQ,QQRWUDFN


)LJ8VHRIUHLQIRUFLQJJHRWH[WLOHVLQWKHUDLOZD\HPEDQNPHQW,QQRWUDFN

)URPGHWHUPLQLVWLFWRSUREDELOLVWLFEDVHGDSSURDFKIRUWUDFNRSWLPL]DWLRQ
,QQRYDWLYH VROXWLRQV DUH DLPHG DW RSWLPL]LQJ PDLQWHQDQFH DFWLYLWLHV LPSURYLQJ HIILFLHQF\ DQG
LQFUHDVLQJ SHUIRUPDQFH RYHU WKH OLIHF\FOH RI D W\SLFDO UDLOZD\ WKXV UHGXFLQJ WKH LPSDFW RQ WKH WRWDO
FRVWVRIWUDFNVDQGVXEVWUXFWXUHV,QQRYDWLYHPDWHULDOVDUHRQHIDFHRIWKLVDSSURDFK7KHVHFRQGLVWKH
XVH RI DSSURSULDWH PRQLWRULQJ WHFKQLTXHV IRU FRQGLWLRQ EDVHG PDLQWHQDQFH LQ YLHZ RI D SUHGLFWLYH
DVVHVVPHQW RI WKH UDLOZD\ V\VWHP EHKDYLRXU RYHU LWV OLIHWLPH 7R WKLV HQG DSSURSULDWH GHVLJQ
PHWKRGRORJLHVQHHGWREHGHYHORSPHQWDFFRXQWLQJIRUPDWHULDOSURSHUWLHVGHWHULRUDWLRQSURFHVVHVORDGV
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ORDG HIIHFWV DQG ORDG FRPELQDWLRQV 7KH DELOLW\ LV WR ILW WKHVH GLIIHUHQW SDUDPHWHUV LQWR FRPSXWDWLRQDO
PHWKRGVZKLFKDLPDW UHGXFLQJ WKHPRGHOXQFHUWDLQWLHVDOORZLQJ IRUPRUH UHOLDEOH VROXWLRQV 7RPDNH
WKLV SURFHVV HIIHFWLYH SHUIRUPDQFH EDVHGGHVLJQ PHWKRGV QHHG WR EH DFFRXQWHG IRU DV WKH\ DOORZ
FKDUDFWHUL]LQJDOO WKHYDULDEOHV LQYROYHG LQ WKHGHVLJQRI WKHV\VWHPDVSUREDELOLVWLFYDULDEOHVHYROYLQJ
DFFRUGLQJWRDVSHFLILHGSUREDELOLW\GHQVLW\IXQFWLRQ3')
7KH SURJUHVV IURP D GHWHUPLQLVWLF DSSURDFK DOORZDEOH VWUHVV WR D SUREDELOLVWLF DSSURDFK LV ZHOO
GHSLFWHGLQ)LJXUHEHORZ

¦t LLQQ /5 JI ! /5
$OORZDEOH6WUHVV
'HWHUPLQLVWLF
)DFWRUHG/5)'
6HPLSUREDELOLVWLF
3HUIRUPDQFH%DVHG
3UREDELOLVWLF
WLPHLPSURYHGNQRZOHGJHLPSURYHGWUHDWPHQWRIXQFHUWDLQW\
)6
675(1*7+(&6 d

)LJ)URPDGHWHUPLQLVWLFWRDSUREDELOLVWLFSHUIRUPDQFHEDVHGGHVLJQDSSURDFK
:LWKUHIHUHQFHWR)LJXUHLWLVFOHDUWKDWWKHFRQWHQWRILQIRUPDWLRQLQFUHDVHVIURPOHIWWRULJKWDVZHOO
DVWKHDFFXUDF\LQDVVHVVLQJWKHSDUDPHWHUVRIFRQFHUQ$VWHSIXUWKHUIURPDVHPLSUREDELOLVWLFDSSURDFK
PLGGOH SORW RI )LJXUH  WR D SUREDELOLVWLF RQO\ DSSURDFK LV WKH LQWURGXFWLRQ RI UHOLDELOLW\ EDVH GHVLJQ
ULJKWSORWRI)LJXUHZKLFKDOORZVDFFRXQWLQJIRUGHVLJQSDUDPHWHUVDVLQGHSHQGHQWYDULDEOHVKDYLQJD
*DXVVLDQGLVWULEXWLRQ7KHKHDUWRIWKHDQDO\VLVLVWKHFRQVWUXFWLRQRIWKHSUREDELOLVWLFHYDOXDWLRQWKDWDQ
HQFRXQWHUHG ORDG / PD\ H[FHHG D VWUXFWXUHV DELOLW\ WR FDUU\ WKDW ORDG LH LWV UHVLVWDQFH 5 ZKLFK LV
UHSUHVHQWHG E\ WKH RYHUODSSLQJ SRUWLRQ RI WKH 3') FXUYHV RI )LJXUH  7KH SUREDELOLW\ WKDW WKH ORDG
H[FHHGWKHVWUXFWXUHDELOLW\ WRFDUU\WKDW ORDGLH WKHVWUXFWXUHUHVLVWDQFHUHSUHVHQWVWKHIDLOXUHVWDWHRI
WKHV\VWHPRU3IDLO,QDQ\UHOLDELOLW\EDVHGGHVLJQDSSURDFKWKH3IDLOLVHVWLPDWHGYLDWKHFDOFXODWLRQRID
UHOLDELOLW\ LQGH[ ȕZKLFKFRXOGEHRIVWRUGHU WKH VRFDOOHG)250PHWKRGVRURIQGRUGHU6250
PHWKRGVGHSHQGLQJ WLOOZKLFKRUGHURI WKH7D\ORUVHULHVH[SDQVLRQ WKH OLPLWVWDWH IXQFWLRQV* 5/ LV
DSSUR[LPDWHG $ VWHS IXUWKHU LV WKH FDOFXODWLRQ RI WKH 3IDLO E\ XVLQJ 0RQWHFDUOR PHWKRGV ZKHUH WKH
YDULDEOHVDUHDFFRXQWHGZLWKWKHLUUHDOSUREDELOLW\GHQVLW\IXQFWLRQDQGWKHVROXWLRQLVIRXQGE\PHDQVRI
LWHUDWLYHO\UDQGRPJHQHUDWHGVLPXODWLRQVWRGHWHUPLQHWKRVHZKLFKIDOOLQWRWKHOLPLWVWDWHGRPDLQ


)LJ*DXVVLDQGLVWULEXWLRQRIUDQGRPYDULDEOHVZLWKGDVKHGOLQHDQGZLWKRXWIXOOOLQHPRQLWRULQJ
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$VGHVFULEHGWKHHPSOR\PHQWRIUHOLDELOLW\EDVHGGHVLJQDOORZVWKHHVWLPDWLRQRIDOOIDLOXUHPRGHVIRU
HDFK HOHPHQW RU FRPSRQHQW RI D V\VWHP  +RZHYHU LW LV FOHDU WKDW WKLV DSSURDFK DOWKRXJK YHU\
SHUIRUPLQJ LW LV DOVR YHU\ FRPSOH[ 7DNLQJ LQWR DFFRXQW VRPH HIIRUWV WKH UDLO VHFWRU KDV FDUU\LQJ RQ
68675$,/ZLOOGHWHUPLQHZKDWIDLOXUHPRGHVIRUZKDWFRPSRQHQWVDVDSDUWRIZKLFKV\VWHPVDUHKLJK
LPSDFW ZLWK UHVSHFW WR WKH SURMHFW FRUH SLOODUV RI VXVWDLQDELOLW\ FRPSHWLWLYHQHVV DQG DYDLODELOLW\
)XUWKHUPRUH 68675$,/ ZLOO DFFRXQW IRU PRQLWRULQJ GDWD WR PRGLI\ WKH VKDSH WKH VORSH DQG WKH
HYROXWLRQRIERWK3')FXUYHVRI)LJXUHLQVXFKDZD\WRHVWLPDWHWKHFKDQJHVLQWKHIDLOXUHPRGHVDQG
3IDLORIWKHUDLOZD\V\VWHPFRPSRQHQWVDFFRUGLQJWRWKHLQQRYDWLRQVDQGVROXWLRQVWKHSURMHFWZLOOGHYHORS
0RQLWRULQJGDWDZLOOUHGXFHXQFHUWDLQWLHVDFURVVWKLVSURFHVVDQGZLOOLQFUHDVHWKHUHOLDELOLW\RIWKHHQWLUH
SUREDELOLVWLFDSSURDFKWKXVDLPLQJDWDIIHFWLQJLQDSRVLWLYHZD\WKHWRWDOFRVWVRIWUDFNRSWLPL]DWLRQ

&RQFOXVLRQV
7KH)3UHVHDUFKSURMHFW68675$,/³7KHVXVWDLQDEOHIUHLJKWUDLOZD\'HVLJQLQJWKHIUHLJKWYHKLFOH±
WUDFNV\VWHPIRUKLJKHUGHOLYHUHGWRQQDJHZLWKLPSURYHGDYDLODELOLW\DWUHGXFHGFRVW´KDVEHHQUHFHQWO\
ODXQFKHG DLPLQJ DW JLYLQJ D FRQWULEXWLRQ WR LPSURYH WKH SHUIRUPDQFH RI IUHLJKW UDLO 68675$,/ ZLOO
LPSOHPHQW D FRPELQHG DSSURDFK WR LQQRYDWLRQ LQ UROOLQJ VWRFN E\ GHYHORSLQJ DGYDQFHG YHKLFOHV
FRPSRQHQWV DQG VXEFRPSRQHQWV FRQFHSWV XVLQJ LQQRYDWLYH PDWHULDOV DQG SURGXFWLRQ SURFHVVHV
5HOLDELOLW\ EDVHG GHVLJQ ZLOO EH HPSOR\HG DLPHG DW UHGXFLQJ XQFHUWDLQWLHV RSWLPL]LQJ PDLQWHQDQFH
DFWLYLWLHVDQGWKXVUHGXFLQJOLIHF\FOHFRVWVRQWKHZKROHOLIHVSDQRIDW\SLFDOUDLOZD\V\VWHPLQFOXGLQJ
ERWKYHKLFOHDQGLQIUDVWUXFWXUH )LQDOO\68675$,/ZLOOGHOLYHUWKHLGHDOFRPELQDWLRQRIQRYHO IUHLJKW
YHKLFOHGHVLJQFRXSOHGZLWKQRYHOVXVWDLQDEOHWUDFNFRQFHSWVDQGDGYDQFHGFRPSXWDWLRQDOPHWKRGVZLWK
UHVSHFWWRWKHSURMHFWFRUHSLOODUVRIVXVWDLQDELOLW\FRPSHWLWLYHQHVVDQGDYDLODELOLW\
$FNQRZOHGJHPHQWV
7KHSDUWLDOIXQGLQJVXSSRUWRI(XURSHDQ*UDQW6&32*$LQVXSSRUWRIWKH68675$,/
SURMHFWLVJUDWHIXOO\DFNQRZOHGJHGDVLVWKHFRQWULEXWLRQRIDOOSURMHFWSDUWQHUVOLVWHGDWZZZVXVWUDLOHX
5HIHUHQFHV
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